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(54) LAMINATED PHOTOVOLTAIC ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent deterioration of 
the characteristics of a laminated photovoltaic element 
due to a long-time light irradiation, by a method wherein 
a P-I-N junction constituent element having a fine 
crystal silicon semiconductor layer, which is substantially 
not deteriorated by light, as an I-type layer is used as an 
element for controlling the current value of the element. 
SOLUTION: As an I-type layer 104 of a laminated 
photovoltaic element, the layer 104 is formed by a 
method wherein the band gap of the layer 104 contains 
silicon atoms and germanium atoms in addition to an 
even semiconductor material, the band gap is smoothly 
changed in the layer thickness direction of the layer 104, 
and the minimal value of the band gap is biased from the 
central positions of the layer 104 to the direction of the 
interface between a p-type layer 103 and the layer 104. 
By designing the band gap of the layer 104 in such a way 
that the band gap becomes wide in the direction of the 
interface between the layers 103 and 104, and the 

direction of the interface between an N-type layer 105 and the layer 104, the photovoltaic 
voltage and current of the element can be increased, and the deterioration of the 
characteristics of the element due to light in the case where the element is used for a longtime 
can be prevented. 
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[0 0 8 8] *»W©«»a!*iB«A*^© i ^Ji£ L 
JEK^- fc Fjv-* ~ $ AJR^F- i ^ttUT i Mil ct>/SJ?^jp] 

[0 0 8 9] Wl, pSf«/iSW, n®Jt/i33JgO 

*3 J: t>V> p ^ l - l 0 a t U 
toi*<7)»o. 3~o, 8«as#* uv^H-efo 
[0 0 9 0] 7k*lK^*fctt/feJ:^n^^]!5^-^ 

30 %ot^5t)Wfe$ fl 

[0 0 9 1] ^^-X^O^iCO^-Ctl^FPJX-^fe^ 

40 [od9 2 ] i MS^JU?^ . ^em^^^^niit (« 

^.tf, i/^^/Hr/u, ^V^A^/K hJJ^/Hr/uft 
if) , ^ctt^iS«^^>-K^^y^fc*:#<«t#i"S 
^o. 7 — 3 0. 0 Mm^S^igftJf jp^ VXmf b^h 

[0093] iDmwm&i&xmc x z u y » ^xk 

(±6 Ome VETF-CfciU 3&»0«-T"^ tfV*lft (e s 
50 r) (dcfcS5fei|iS-fr^*«ttl O'Vcm^m 
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So 

[00 94] iSI^yF^^^l P®Ji 

/ill, n^®/ i^jfto€-^^f^-c/t< 5 

jot, ^m^^T-o^m^v y£mffi*x%<-tz> 

[0 0 9 5] (T^A^t* iS^Jl) *»nowisx 

[0096] ^sswiw^st+sT^/^r *^y a^-Msi 

H4, SizHe. S i F4, SiHFa, S i Hz F2 N S 
1H3F, S1H3CK SiH2Cl2. SiHCla, 
S iCU, SiD4. SiHDs. SiHzD2, S i H3 
D. S i F Da s S i FzDz, S i Ds H N S i2DaH3 

[0 0 9 7] T^77^'>^y^^!>A 

H<, GeF4. GeHFa. G e H2 F2 s GeH3F, G 
eHCUs GeH2Cl2. GeHaCI, G e H D 3 N 
GeH2D2. GeHsD, GeHe, GeD(4^*lf 

[0 0 9 8] m%W*&, ft&4r^;>77^*«ftS: 

#Dx_T^y ?^^*e*^^r.fcfc«riB-t?*)S 0 

[0 0 9 9] LfcT^7T^«rfPj«1-Ste 

*^£Ki@.Sf±x 100-50 0 < C-e*>5 o #(=*KJ5t 

[0 10 0] W^(7)7Wr^«it6^^f 
rtCO^^^i: L-Tfi. 1 mT a r r — 1 T o r 

[0101] ^K^tt^r^/^r^^****® 
i-£*-&<9^-Y>v*— ^j2A^"17- 1 UTfl. 0. 0 

[0102] ^jd^l-c, jh^m^teftftT^jvyr^^z. 
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[0 1 0 3] ft>&m^*I^^T. iffl«iiflS*t«SlC 

[0104] *3swoarjiffi!*iBsm*iii^<!5 isitu 
k^- t & s «m^fy^sj tT?f?#-tt£% mm 

[0105]ft^ plM/iSM* nMig/i^®^ 

mffi&i£^nBk\^xm\?htiz>o ^y^ 

^flt^«=ff*ds*ftbrv>6ii:dJff*U^. ->y 
*5j:tF^p ^vK^o-ft**** 1 ~ 1 0 a t %ds#* L 
fi:toS:*CM!B«tf> 0 , 3-0. Sffif^Sf^ L-i^jgHT?*) 

1/1 0£ATTfo5O3frW£ Ll^fccDTfoS, 

[0 10 6] TkSJlK^ftfctt/iSity^n^^JBC^* 

<t £ £ -CtKIWUi-?-* fctt/*3 J: ^ p ? ^m^<D^M 
&'J>te<f£oX^Z>-$><OX'&>5 0 
[0 10 7] jX*=XA^»Bf=:o^-Cfi^MT?fi&5 

£^ fc tt/da J: ^ p # x^r#**s* ft < x t> 

[0 10 8] laioMtt, 3tejB«*»^<o»3g (« 
^.tf, ^'xAir/K hy^/vir/vft 

d«0. 0 5— 1 0 vmitMiMtemW-k L,xmf 

50 [0109] ^mp^sama^jmc isi/yayi 
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S45nm/s e c K±C_hlf t^at^ff iJOf^f /V 

{IB Ome VJUT-e*>!9 , ^off^ t'V^Rgr {es 
r) I: J: ^*^^Slfi 5 X 1 0 1 V c m 3 i^T t 

[0 110] *t i MJI^VK^^te, pll 

[0 111] <3W«C> a03««tt, -f >^*AIWfc 
[0112] SWBfficoiSWicfi, ^^y^Ji^tti 

^ M^ttftJR-f (In) ^i^!?ABMfc* 

(inzOa) ftF&m^btbZ* 
[0 113] lllt^y^^.A-^xitt^ 

X 41^^?^ ftJR^XtftJB-i' y^^Ao^ 

mitm ft xtm^Mfr&to s ^ a* 
[0114] *^**y ^«re*BH-«»ft* 

(fiat u-c*»f b^a. *t ^^s/^y^^fflro*^ 

<h UTtt, T/^^^^f^ (Ar) N ^^Ht. (N 

e) . n;^.(Xe) . (7J±tf* (He) ft 

£ B JiE^^JBtt^KllE*^^ (02) 

yMatt^^lt KUltf* (Oz) SrjBip-rs 

[0115] Sbfc, JilB<03HSi^^fcJ:^T»*» 

0. 1 — 5 OmTo r r <Z>4afflT-fc£ £ 

0-1 0 0 0W<7?*iSBI^SSU-Cl'^5o 

[0116] an«s^j«8fafextt s *tt^rartwEE* 

U *»*««3»«tt 0 . 0 1-10 

[0117] mmnmommL sMwsititfrofkflr&m 
[011s] m^m^m^x ymmfm&mttt&tzx 
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[0 119] *fc, aW««*WW^5£«F<B*«i&S 
iLm 2 5t-6 0 O^SfflftfS^LTV^ 
[0 12 0] S&fc, SP^lS^t^t^> ««A 

(O2) £5 X 1 0" 5 T o r r — 9 X 1 O^T o r r 0} 
70 [0121] Sfc, ±IB^*Sft-CRFa*«r*AL-C 

[0122] ±m<Dm*^£&mwnm<ommmm^ 

0. 0 1-10nm/s e c^|5itfc6^^^L 
\r\ *SW«ffi#0. 0 1 nm/s e c*3tT?fo^iriS 
tt#ttTLi 10nm/secJ;!)^<4$i:t41 

[0123] <*mm«> tti^^ts nisi 

0 itt, awsffil 0 2^«tt**^jH£<X fc *ft^» 

[0 12 4] WWBOtmitTtt. ^ *k m. r 

3=£AftJftf)ftjR, & L<tt*x;/t^fflft<>f0>& 
ft. *fctt»*ttft*«rffllr^fc«»^— ^ h*if*s»lf 

30 [0 12 5] St *jB«*Sa^^#^ffiSI^4 1 ^ 
»4 b < «t 1 0 %£AT\ 5 %£JLT^fi* L^\» 

[0126] ^m%M<D'<#—is<Dffim^te.~?x$$:m 
[0 12 7] ft*, *»w^«sajte«A*^*fflv^ 

[0 12 8] 

Rg^^na^^-c^ft^a 
[oi29] (soi6« i j 

50 ifiW*«:S:*-r o *fc, *6intt, *HMWi:JfcttlllE 
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M©*W*tt<D*^ (iM©*9WIBt*AT ifflB * [0130] 
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[0131] 
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[0132] &m&m z Fnytnm±s ##*«*iFtta*& 

tWfc:j;!)*ftfc, ^jfiAKWtttt, B*d**SC*tfc 
SOTQ-2 5 0BXMlti^U^ *J«Ufc* 
• fi«***ttUJT«St»a»ttB(?!)YS S-150« 
m U AM 1 . 5 <0^^ hA<& 1 s u n (D^SgT"* 

ft£ft,Z>£ 5te*JWU #J«*ffAft 2 0 0 0 *WfTo 5^30 



^fi^OTX S - 1 3 0S-20T«I^ LXffii 
LTSJ^Lfco ytm.<OX<<# h^ttAMl. 5T\ 

Sin s u nx% ftmnttm+nmsi&wm^it,, 

»*4r* 7 fc^-To 
[0 13 3] 
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[01341 l^UN o . 3 i 4 

**** tttt**«!IJ: 9 WUT^S. 

^Lrit^i-^^*ti4 o oA-efcot 
[0136] mnm 2 y ^mmmn, 



40 



[0138] 
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[0139] **55owjiffl*a«A*^^aLfc»ft i o 

fis^ci-efcs 1 0 0 AKitl 0 0 0 AHTOSfl 10 

if-T--U >^LTIS»tt««r*»< Lfc*fi«** 1 1 

^ (t^No. s) fc*3io-cra, wwwsaMft^fc ii 

60*Cfoo3t o 11 

[0 14 0] 11 

K±ISBLfci:3^ *»WfcJ:^tf* 2 0 

p i n »&tomtftm*<D \m 20 20 

«^«KNrA^*ft:t:ffiV\ p i n^^MsR^ 2 0 

**IB©ABW*KiJ:o-Cfe3ftttE 2 0 

J*»*ro»t*r J: 9 d^ft < "TS ^ fc S 4r v ^ 5 «*b 2 0 

2 o 

[BHa«¥ttK9n 2 l 

[B 1 1 ^W^«JBH*«mA**^»«t»-*« 2 1 

%^TWtfeMX'foZ> 0 2 1 

[H2]-*»w«w«a*fiit*iii^fefp«+*fc»^ 2 1 

*SJK^I^^tgS;iTfc5 fl 56 2 1 

. 2 1 

ioi *mmffi 2 i 

10 2 2 1 

103 p^fcl^n^® 2 1 

104 iSi 2 1 

105 n*fc«ipSH 22 
10 6 p Sfcl^nSI . 2 2 



n^fefip 



T^77^^U =>- i MS. p^B. 

4 jft^iv'Uny^w^^Ai: 

5 rvn-Kl 

6, 207. 20 8. 209 

0 ^7XvCVDS 

1 SffiJDSR^tOt-^- 

2 nliiifflt-^ 

3 ifflJBJ*«flifc-*-" 

4 pmmmmmt-?- 

6 . i m^mm^mm 

8 t:-^- 

0 L JV 

1 S=E^/^^— 
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